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ground transportation-Planning-computer simulation, ur-
ban development.
Abstract 































changes, simulating hypothetic scenarios and evaluating 
results. This paper describes a methodology for the auto-
matic generation of urban space models from GIS sour-






























simulación por computadores, desarrollo urbano.
Resumen
En las etapas de planeación y evaluación de proyectos de 
infraestructura es necesario manejar grandes cantidades 










modelos permitirán medir el impacto de los cambios de 
infraestructura, simular escenarios hipotéticos y evaluar 
resultados. Este artículo describe una metodología para 
generar automáticamente modelos espaciales urbanos 
desde fuentes SIG. Un diagrama de Voronoi es usado 









de modelos de aplicación son presentados, uno usado 
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contaminación atmosférica.
INTRODUCTION
The spatial data representation of urban systems is a useful 


















ting hypothetic scenarios and evaluating results. Challenges 
remain: the data may be heterogeneous, it may be unordered, 
or may come from multiple sources. The classical Geogra-















































model offers a hierarchical structure that may be easier to 
understand than a classical approach.
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modeling applications using our methodology as a basis, an 
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neralizations: cartographical and model-based generalizations 
[1]. The former is a constraint-based process used by carto-








for structuring elements for many other cartographic objects 
[2]. Cartographical and model-based generalizations may be 

















































an open data model for the representation of virtual 3D city 
models [3] and is based on the Geography Markup Langua-
ge. CityGML is an international standard issued by the Open 
Geospa- tial Consortium (OGC). It includes object semantics 
added to the shape and graphical appearance of city models. 
The semantic features include entities to support navigation, 
tourism, environmental protection, architecture, and urban 
planning.
MODEL AND DEFINITIONS
















handling entire cities or big portions of them depending on the 
processing capacity available. Hence, the overall time for the 
simulation depends on the most complex, and therefore more 
computationally expensive partition of the region of interest.
Definition and Generation: 
We chose road intersections as computational units of the 
model, because it is precisely at such intersections that the 





















points, generating a convex polygon around each intersec-
tion. Before building the polygon, clustering algorithms ba-
sed on the Euclidian distance may be applied to the intersec-
tion points, avoiding an excessive division of the urban space 
(for example, a cloverleaf interchange). The area enclosed 





































































regions that affect the mobility of mobile actors from one 










has been broken. They may refer to, for example, structu-
ral damage on a street. 





































































nomenclature, number of lanes, etc.
Point Urban Objects: 
A point urban object represents the space positioning of 
























































grammed behavior. Examples of this kind of signal are 
	$<	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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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space model based on geographic information from a Geo-





















 ): returns the degree of vertex 
 	

 i, pj): returns the euclidean distance 
between points pi and pj
must be replicated to the corresponding neighbor intersec-
tion. The second type is a region outside the polygon near to 
its boundaries. This space is controlled by the neighbor po-
lygons and it must replicate the information of the neighbor 









The automatic generation of the shared regions is contro-
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Urban Model: Structuring the Voronoi 
Polygon
We propose three categories of elements for describing the 
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 	R2): defines a regular squared lattice parti-


































		pAi and pBi be 




considered in their representation (latitude and longitude).








(pAi , pM), SBi:(pM , pBi ), SAj: (pAj , pM), SBj:(pM , pBj). Then  Si 




same initial and end points is eliminated from S also.
VI.  A planar graph Gv < A,V 7	?

V = {: (   Si 
S|pAi =  V $% = )} and A = {a:(   Si S|{pAi , pBi}=a)}. 
Thus, (    V|degree() > 0).
V.  (Optional) A clustering algorithm is applied to V grou-
ping elements of V ?	


	$A in common and 







point is calculated for each group and it is added to V. 
Then, the points of each group are eliminated from V. 



































VII. A Voronoi Diagram Vor(V`7	
<	

graph V planar regions: R = {r: (   p  r|p  R2 ^ (     
V|(   w  V|euclidDistance(w,p) <euclidDistance(,p))))}. 
















	 $ R and elements from 
V, point(r)and region(). Construction ensures  (   r  
R|isConvexPolygon(r)},  (   r  R|(   w  V|wpoint(r) ^ 
w  r)) and (   r  R|(   p  r|(   a  A|isNode(a,point(r)) 




 _zones) are created 






























thermore, zones could overlap, so they are not a partition 
over an element of R.
IX. (Optional)'	
 		  
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<C = {c : c  
squareTiling(R2)}. If the phenomenon of interest must be 




X. (Optional) A partition over C 
<
 $?\ I = 
{i: (   c  i|c  C ^ (   r  R|center(c)  r))}. Thus, 













discretePolyg(r) that returns the corresponding element 
from I.
XI. (Optional) Each element of C, from an I element re-
lated to a region r, is related to a set of elements of 
zones(r). zones(c) = {z:(   r  R, i  I|z  zones(r) ^ i = 








 E = {e: (  c  a|c  
 C ^ (   r discretePolyg(r) V distEPPol(center(c),r) < 
D))}. E is not a partition of C. Each element of E is a 
discrete polygon related to an element of R&
<-
nes the bijective function  enlargedDiscretePolygon(r) 
















Sh1(r1,r2) = {c:c  C ^ c  discretePolygon(r1)^}        c  enlargedDiscretePolygon(r2)


























	 $ C that 
despite belonging to another polygonal region r2, must 














































manually alter the GIS data. 
The data entry step reads the GIS data containing the re-
F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 
 GIS processing 
API, GEOTOOLS [5]. GEOTOOLS opens GIS<
 -








GIS data to generate the nodes for creating the Voronoi dia-
















24 Sergio Arturo Ordóñez et al. / Revista de Ingeniería, #36, 2012, pp. 20-24SECCIÓN TÉCNICA
<lly, specialized objects are created to contain the proces-
sed data. Some basic operations such as data format conver-





in action, after dividing the urban space in Voronoi polygons. 
Finally, in the data persistence step, the generated objects are 
persisted using the DBMS MySQL.

































space partition to available processors [6]. Therefore, our 
urban model is useful for these kinds of simulations. Each 
Voronoi polygon and its related agents may be processed by 









sition and its surroundings in order to calculate each step in 
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cells. Each cell contains information about 
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the land lots data and air parcels over the streets space.
CONCLUSIONS
A methodology for generating an urban model based on spa-
tial partitions of existing GIS	?

	
support distributed applications, for example, micro simula-
tion-based models for urban phenomena.
The strategy of using intersections to systematically divide 
the city GIS representation and the use of Voronoi diagrams 







in concepts such as neighbor intersections and shared zones.
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Using the Model: Urban Air Quality 
Modeling
We are also developing an Air Quality Model (AQM), in 
order to provide a Computer Fluid Dynamics infrastructu-
re based on the Lattice Boltzmann Method (LBM), to an air 
F	 	 &
 AQM needs information about the 
land lots and the buildings on them, and the streets on each 
Voronoi polygon, in order to feed the LBM?	$
